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Effect of calcium and phosphate on bicarbonate and fluid transport by
proximal tubules in vitro. Previous studies in living animals have
suggested that variations in the serum concentrations of calcium and
phosphate directly affect renal tubular bicarbonate transport. To exam-
ine this area more directly, we measured the bicarbonate and the fluid
transport in isolated rabbit proximal convoluted and straight tubules
perfused in vitro. The concentration of calcium in the perfusate was
varied between 0 and 5 m and in the bath between 0.5 and 5 mrvi. In
proximal convoluted tubules, 5 m calcium in the perfusate and bath
caused a significant increase in the rate of bicarbonate absorption, and
removal of calcium from the perfusate inhibited both bicarbonate and
fluid absorption. The concentration of phosphate in the perfusate and
the bath was varied from 0.25 to 5 mrvi. In both convoluted and straight
tubules, there was no significant change in bicarbonate or fluid absorp-
tion with changes in the ambient phosphate concentration. We conclude
that changes in calcium concentration have significant effects on
bicarbonate transport by proximal convoluted tubules but that wide
variations in the concentration of phosphate have no significant effect
on bicarbonate, sodium, or fluid transport by proximal tubules in vitro.
Effet du calcium et du phosphate sur le transport de bicarbonate et
d'eau par les tubes proximaux in vitro. Des etudes antérieures in vivo
ont suggCré que les modifications des concentrations plasmatiques de
calcium et de phosphate affectent directement le transport tubulaire du
bicarbonate. Afin d'étudier cc probleme plus directement, le transport
de bicarbonate et d'eau a Cté mesuré dans des tubes contournCs
proximaux et des tubes droits de lapin isolCs perfusés in vitro. La
concentration de calcium dans le perfusat a vane de 0 a 5 mM et dans Ic
bain de 0,5 a 5 mivi. Dans le tube contourné proximal une concentration
de 5 mM de calcium dans le perfusat et dans Ic bain a déterminé une
augmentation significative du debit de reabsorption de bicarbonate et Ia
suppression du calcium dans Ic perfusat a inhibé a Ia fois Ia reabsorption
de bicarbonate et La reabsorption d'eau. La concentration de phosphate
dans Ic perfusat et Ic bain a été variée de 0,25 a 5 msi. Aussi bien dans Ic
tube contourné proximal que dans Ic tube droit il n'y a pas eu de
modifications significatives dans l'absorption de bicarbonate ou d'eau
liCes a des modifications de Ia concentration ambiante de phosphate.
Nous concluons que les modifications de Ia concentration de calcium
ont des effets significatifs. sur Ic transport de bicarbonate par Ic tube
contourné proximal mais que des variations importantes de Ia concen-
tration de phosphate n'ont pas d'effet significatif sur Ic transport de
bicarbonate de sodium ou d'eau par les tubes proximaux in vitro.
Changes in the concentrations of serum calcium and inorgan-
ic phosphate in intact animals were reported previously to affect
renal tubular bicarbonate absorption and overall urinary acidifi-
cation. Hypercalcemia increased and hypophosphatemia de-
creased bicarbonate reabsorption [1—4]. In the intact animal,
however, variations in these ions may either result in or result
from changes in other factors that may by themselves influence
renal acidification, for example, parathyroid hormone levels,
GFR, and renal blood flow. To examine more directly the effect
of these ions on renal tubular function, we studied bicarbonate
and fluid absorption by individual rabbit proximal tubules
perfused in vitro under conditions where the only experimental
variable was the ambient concentration of either calcium or
phosphate. The results show that under these conditions wide
variations in the concentration of phosphate have no significant
effect on bicarbonate and fluid absorption by proximal convo-
luted and straight tubules. In convoluted tubules, high concen-
trations of calcium in the perfusate and bath were associated
with a small increase in bicarbonate absorption, whereas re-
moval of calcium from the perfusate caused a slight decrease in
both bicarbonate and fluid absorption.
Methods
Proximal tubules from rabbit superficial nephrons were per-
fused in vitro by the method of Burg [5] as described previously
from this laboratory [6, 7]. The mean lengths of tubules studied
were: convoluted, 1.0 0.04 (N = 67) mm and straight, 3.3
0.09 (N = 39) mm.
Total carbon dioxide in the perfusate and collected fluid was
determined by calorimetry by the method of Vurek, Warnock,
and Corsey [8] as previously reported [6, 7]. Because bicarbon-
ate is the predominant substance measured as total carbon
dioxide in these experiments, the terms total carbon dioxide
and total bicarbonate will be used interchangeably.
The rate of fluid absorption (J; nlmm'min1) was deter-
mined using '4C-inulin (New England Nuclear, Boston, Massa-
chusetts) as a volume marker. Equations used to calculate i,
and the rate of total carbon dioxide absorption (Jco,;
pmolescmsec) were the same as those reported previous-
ly [6, 7].
The control perfusate contained the following (in millimolar
amounts): sodium chloride, 114; sodium bicarbonate, 25; calci-
um chloride, 2.0; magnesium sulfate, 1.2; dibasic potassium
phosphate, 2.5; glucose, 5.5; 1-alanine, 6.0; sodium lactate, 4.0;
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and sodium citrate, 1.0. The control bath was similar except
that (1) the calcium concentration was 3.0 mM, (2) the sodium
chloride concentration was adjusted to make the osmolality of
the bath equal to that of the perfusate, and (3) 6 g/dl of bovine
serum albumin (Sigma Chemical Co., St. Louis, Missouri),
dialyzed against distilled deionized water, was added. To
maintain a constant concentration of cations and anions, we
replaced calcium with sodium when we lowered the calcium
concentration and vice versa, and we replaced phosphate with
chloride when we lowered the phosphate concentration and
vice versa. Total calcium in the perfusate was varied from 0,
0.5, 1.0, 2.0, and 5.0mM and in the bath from 0.5, 1.0, 3.0, and
5.0 mi. Ionized calcium concentrations were measured in some
solutions (measured with a Radiometer calcium ion electrode
model F2ll2Ca and Radiometer PHM64 research pH meter,
Radiometer, Copenhagen, Denmark), and the corresponding
values were 0, 0.2, 0.5, 0.9, and 2.5 m and 0.15, 0.3, 1.2, and
1.9 m, respectively. Stock solutions of perfusate and bath
were bubbled at 37.5° C with 5% carbon dioxide and 95%
oxygen. The final pH of these solutions was adjusted to 7.40
with small amounts of 0.6 N sodium hydroxide or 0.6 N
hydrochloric acid if this was not attained after the solutions
were bubbled with this gas mixture. During the experiment, the
bath was exchanged completely every 6 to 8 mm and was
bubbled continuously with a mixture of 5% carbon dioxide and
95% oxygen and 15% carbon dioxide and balanced air using a
gas proportioner (series 7300, Matheson, Morrow, Georgia) in
amounts determined in preliminary experiments needed to
maintain the pH and Pco2 (measured with an Instrumentation
Laboratories Model 313 blood gas analyzer, Instrumentation
Laboratories, Lexington, Massachusetts) at approximately 7.4
and 40 mm Hg, respectively. Sodium and potassium concentra-
tions, osmolality, and pH of the perfusate and bath stock
solutions were measured by standard methods as described
previously [61.
Measurements of total carbon dioxide and carbon 14 in the
collected fluid were begun after tubules had been perfused at
37.5° C for 20 mm with either the control or experimental
solutions. At least three samples were collected with the initial
solutions. Other solutions were then substituted, and further
collections were obtained beginning 10 mm later. When both
total carbon dioxide and carbon 14 were measured in the same
experiment, they were measured in alternate samples collected
at the same perfusion rate.
In both convoluted and straight tubules, two types of experi-
ments were performed. These were measurement of total
carbon dioxide concentrations in the collected fluid in tubules
perfused at slow rates and measurement of both total carbon
dioxide and carbon 14 in other tubules perfused at faster rates.
The first of these was designed to determine if there was any
difference in the near steady-state total carbon dioxide gradient
that could be developed and maintained across the tubules in
the control and experimental situation [9, 10]. The second type
of experiment allows for measurement of absorptive rates for
total carbon dioxide and fluid when the tubular fluid total
carbon dioxide concentration has not reached a maximally low
value. This would probably result in lower rates of absorption
of both total carbon dioxide and fluid. Perfusion rates were
similar in the control and experimental periods of all experi-
ments.
The mean total carbon dioxide concentration, Jco,, and J
were calculated for the control and experimental periods of
each experiment. These values were then used to calculate a
mean value for all tubules studied under similar experimental
conditions. Summary data are presented as the mean 1 SEM.
Numbers in parentheses represent the number of tubules stud-
ied. Statistical significance of differences was determined using
Student's paired t test. A P value of < 0.05 was considered
statistically significant.
Results
Control observations. In proximal convoluted tubules per-
fused at slow rates (collection rate 2.07 0.13 nlmmmin)
with the control solutions, the total carbon dioxide in the
collected fluid was 8.8 0.7 (N = 29) mrvi. When other tubules
were perfused at faster rates (perfusion rate, 11.24 0.48
nlmin'), the rates of total carbon dioxide and fluid absorption
were 18.20 1.21 (N = 38) pmolescmsec and 1.01 0.06
(N = 38) nlmm min, respectively.
The rates of total carbon dioxide absorption in superficial
proximal convoluted tubules observed in the present studies are
higher than those reported by Burg and Green [9] and Jacobson
[11]. Certain differences in methodology may account for the
differences. The Jco2 reported by Burg and Green [9] in these
tubules was 13.6 pmolescmsec. The difference in the
present results and those of Burg and Green could be related to
the manner in which bath pH and Pco2 were maintained during
the experiment. In the studies reported by Burg and Green, the
bath was bubbled during the experiment with 5% carbon
dioxide and 95% oxygen. Subsequent studies from their labora-
tory have shown that carbon dioxide must be provided in
addition to this to maintain the pH and Pco2 at approximately
7.4 and 40 mm Hg, respectively [12, 131. The Jc02 reported by
Jacobson [11] in superficial proximal convoluted tubules was
7.4 pmolescmsec when the bath pH and Pco2 were
maintained at 7.4 and 37 mm Hg, respectively. Jacobson,
however, studied only early convolutions (attached to the
glomerulus), whereas Burg and Green [9] and we did not select
only the early (Si) segments, and presumably both studies
included both early and late convolutions. Furthermore, even
though perfusion rates, rates of fluid absorption, and initial pH
and total carbon dioxide concentrations of the perfusate and
bath were similar in all three studies, the total carbon dioxide of
collected fluid in Jacobson's studies [11] was 24.9 m (1.5 mM
less than the perfusate), whereas the value reported by Burg
and Green [9] was 17.4 m and in the present studies was 18.4
mM. Evidently, intranephronal heterogeneity or other unidenti-
fied factors in addition to the ones mentioned above account for
the differences in the three studies.
When proximal straight tubules were perfused at slow rates
(collection rate, 0.64 0.05 nlmmmin), with the control
solutions the total carbon dioxide concentration in the collected
fluid was 10.9 0.7 (N = 29) mt. At faster flow rates in other
tubules (perfusion rate 8.28 0.69 nl.min), the rates of total
carbon dioxide and fluid absorption were 5.39 0.70 (N = 14)
pmolescmsec' and 0.49 0.03 (N = 14) nlmmmin,
respectively. These values are similar to those reported previ-
ously [6, 10].
Effect of calcium. In proximal convoluted tubules perfused at
slow rates with a perfusate calcium of 2.0 m and bath calcium
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Table I. Effect of calcium on total carbon dioxide and fluid absorption in proximal convoluted tubules
Experimental period
N
.Perfusion rate
nl'min1 2 3
Perfusate/bath calcium, m 2.0/3.0 5.0/5.0 2.0/3.0 5 8.35 0,88
Jco2, pmoles'cm'secJ, nl'mmmin'
15.76 3.65
1.09 0.09
18.36 3.02a
1.11 0.15
18.05 4.39
1.22 0.06a
Perfusate/bath calcium, mr.i 2.0/3.0 0.5/0.5 2.0/3.0 5 8.10 0.33
Jco2, pmoles'c,nsecJ, nl'mm'min'
16.35 2.39
0.86 0.12
16.16 3.61
0.87 0.20
13.91 3.27
0.73 0.19
Perfusate/bath calcium, mi 2.0/3.0 0/3.0 2.0/3.0 5 12.97 0.25
Jco2' pmoles'cm"sec'J, nlmm"min
20.62 3.43
1.69 0.14
18.82 3.19°'
1.43 0.18a.c
24.50 2.47k
1.80 0.16
Collection rate!
tubular length
(nl'mm min I)
Perfusate/bath calcium, m 2.0/3.0 5.0/5.0 — 4 2.37 0.28
Total C02, m 7.2 1.5 7.9 1.0
Perfusate/bath calcium, mi 2.0/3.0 1.0/1.0 — 4 2.56 0.61
Total C02, m 11.4 1.8 10.7 1.9
P < 0.05 vs. period I; b p < 0.005 vs. period 3; P < 0.05 vs. period 3.
I I I
2.0/3.0 0/3.0 2.0/3.0
Calcium perfusate/bath, msi
of 3.0 mM, the total carbon dioxide concentration in the
collected fluid did not change significantly when the perfusate
and bath calcium concentrations were varied from 1 to 5 mrvi
(Table 1). In other tubules perfused at faster rates, changing the
bath and perfusate from control to ones containing 5.0 mi'i
calcium caused Jco, to increase slightly, but significantly,
without any notable change in J,,, (Table 1 and Fig. 1). The mean
paired difference in Jco, between the first and second periods of
these experiments was 2.68 1.00. Changing the perfusate and
bath calcium to 0.5 m was not associated with any significant
change in Jco, or J (Table 1). But, when calcium was removed
completely from the perfusate, there was a slight but statistical-
ly significant and reversible decrease in both ico, and J.,, (Table
1 and Fig. 2). The mean paired difference for Jco, and J
between the first and second periods of these experiments was
1.80 0.44 and 0.27 0.09, respectively, and between the
second and third periods was 5.68 1.04 and 0.37 0.12,
respectively.
In proximal straight tubules when the calcium concentrations
in perfusate, bath, or both were changed from control to 1.0 or
5.0 mM, there was no significant change in jco,, J,,,, or total
carbon dioxide concentration (Table 2).
.—
::
, 25
I
. 25
:20 :i5
5
2.0/3.0 5.0/5.0 2.0/3.0
Calcium perfusate/bath, mM
Fig. 1. Effect of high calcium concentration in perfusate and bath on
rate of total carbon dioxide absorption in proximal convoluted tubules,
5
0
Fig. 2. Effect of calcium-free perfusate on rate of total carbon dioxide
absorption in proximal convoluted tubules.
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Table 2. Effect of calcium on total carbon dioxide and fluid absorption by proximal straight tubules
Experimental perioda
N
Perfusion rate
nl'min11 2
Perfusate/bath calcium, m
Jco2, pmo1es'cmsecJ, n1'mmmin1
2.0/3.0
4.71 1.21
0.48 0.08
2.0/3.0
4.98 0.85
0.46 0.08
5 6.80 0.30
Perfusate/bath calcium, m
Jco2, pmo1escm'sec'i, n1mmmin'
2.0/3.0
3.74 0.71
0.39 0.05
2.0/5.0
3.55 0.58
0.34 0.05
5 7.33 0.45
Collection rate!
tubular length
n1mm'min'
Perfusate/bath calcium, msi
Total C02, msi
2.0/3.0
9.0 0.7
5.0/5.0
9.7 1.1
4 0.44 0.02
Perfusate/bath calcium, ms
TotalCO2,mM
2.0/3.0
11.5
1.0/1.0
10.5 1.1
4 0.65 0.05
a There were no statistically significant changes in J02, J, or total CO2 concentrations in either group of tubules during any of the periods.
Table 3. Effect of phosphate on total carbon dioxide and fluid absorption by proximal convoluted tubules
Experimental period
N
.Perfusion rate
n&min1 2 3 4
Perfusate/bath phosphate, m
ico2, pmolescm"sec'i, n1'mminin
2.5/2.5
13.03 2.14
0.72 0.07
0.25/0.25
13.15 1.90
0.64 0.10
2,5/2.5
16.92 2.57
0.79 0.08
—
6 11.16 0.47
Perfusate/bath phosphate, m
ico2, pmolescmseci, n1mmmin
2.5/2,5
19.0 2.03
0.90 0.09
2.5/0.5
20.80 2.18
0.83 0.07
2.5/5.0
19.60 2.14
0.93 0.11
—
6 12.86 1.10
Collection rate!
tubular length
n1'mm 'min'
Perfusate/bath phosphate, m
Total C02, m
2.5/2.5
9.5 1.6
2.5/0.5
9.7 1.4
2.5/5.0
9.8 0.9
2.5/2.5
13.4 2.Oa
4 1.86 0.23
Perfusate/bath phosphate, mss
Total C02, ms
2,5/2.5
6.9 2.6
0.5/0.5
8.4 2.3
— — 4 1.48 0.17
a P <0.05 vs. period I.
Effect of phosphate. In proximal convoluted tubules perfused
at slow rates with the perfusate and bath containing 2.5 mM
phosphate, there was no change in the total carbon dioxide
concentration in the collected fluid, ico2 or i when the bath
and/or perfusate phosphate concentration was changed from 2.5
to either 0.25, 0.5, or 5.0 m (Table 3). Similarly, in proximal
straight tubules the total carbon dioxide concentration, Jc02, or
J,,, were not affected by changes in the perfusate and bath
phosphate concentrations (Table 4). In previous studies, Brazy
et al [14] found no change in the rate of fluid absorption in
proximal convoluted tubules when the phosphate concentration
in the perfusate was reduced to zero.
Discussion
A great deal of clinical and experimental evidence has
accumulated to suggest that variations in the serum levels of
parathyroid hormone (PTH), calcium, and phosphate may
affect renal tubular transport of bicarbonate, sodium, and
water. But, in many clinical disorders and experimental studies
examining the effect of one of these factors on renal tubular
function, there are often concomitant changes in one of the
other aforementioned factors, for example, in primary hyper-
parathyroidism PTH levels are elevated, serum calcium con-
centrations are usually elevated, and serum phosphate concen-
trations are often depressed, making it difficult to attribute with
certainty changes in renal tubular function to one specific
abnormality in either PTH, calcium, or phosphate. Study of
isolated renal tubules perfused in vitro has been used by a
number of investigators to examine more directly the effect of
PTH on renal tubular transport. These studies have shown that
PTH and dibutyryl cyclic AMP inhibit bicarbonate, sodium,
and fluid absorption by proximal convoluted and straight tu-
bules [6, 7, 15—19]. Detailed studies examining the effect of
variations in the ambient concentrations of calcium and phos-
phate on renal tubular transport of bicarbonate, sodium, and
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Table 4. EffeCt of phosphate on totat carbon dioxide and fluid absorption in proximal straight tubules
Experimentat perioda
N
.Perfusion rate
nlmin1 2 3 4
Perfusate/bath phosphate, m
Jco2, pmolescm.sec'J, nlmm'min
2.5/2.5
4.62 0.36
0.45 0.03
2.5/0.5
5.25 0.57
0.42 0.04
2.5/5.0
4.36 0.21
0.46 0.04
—
—
6 7.76 0.57
Collection rate!
tubular length
nlmm' min
Perfusate/bath phosphate, m
Total CO2. m
2.5/2.5
7.0 0.9
0.5/0.5
7.5 1.3
— — 4 0.58 0.02
Perfusate/bath phosphate, msi
Total C02, m
2.5/2.5
11.0 1.2
2.5/0.5
10.1 0.4
2.5/5.0
8.9 1.3
2.5/2.5
11.3 1.5
4 0.60 0.02
There were no statistically significant changes in J02, J..,, or total CO2 concentrations in either group of tubules in any of the periods.
fluid have not been reported previously using this technique.
Recent studies in dogs and rats have indicated that phosphate
depletion and hypophosphatemia result in bicarbonaturia and
subsequent metabolic acidosis [2, 31. In dogs, both the Tm for
bicarbonate and the threshold for bicarbonaturia were reduced,
suggesting a proximal tubular effect of hypophosphatemia [2].
In rats urinary Pco2 rose with a bicarbonate infusion, which the
authors felt indicated an intact distal acidification mechanism
[31. Muscle cell pH rose with phosphate depletion, and it was
speculated that a reduced renal tubular cell hydrogen ion
concentration might result in decreased hydrogen ion secretion
and in bicarbonate wasting [2]. Serum parathormone levels
were not measured in these studies, but it was argued that the
animals were probably functionally hypoparathyroid [2]. Micro-
puncture studies in nonphosphate-depleted intact and thyropar-
athyroidectomized dogs, however, showed an inverse linear
correlation between proximal tubular bicarbonate and serum
phosphate concentrations and a direct linear correlation be-
tween absolute rates of bicarbonate absorption and serum
phosphate concentrations [4]. These studies suggest, therefore,
that bicarbonate absorption by proximal convoluted tubules
may be influenced by the concentration of serum phosphate
independent of parathormone levels. In another study, rats fed
a low phosphate diet did not develop bicarbonaturia [20]. The
authors felt, however, this may have been because their animals
were not as phosphate-depleted as those in other studies. In
addition to inhibiting tubular absorption of bicarbonate, hypo-
phosphatemia could reduce net urinary acidification because of
a reduction in the amount of titratable acid excreted because
most titratable acid is derived from conversion of dibasic
phosphate to monobasic phosphate [21].
In the present studies, acute wide variations in the ambient
concentrations of phosphate had no significant effect on the
bicarbonate gradient that could be developed across the proxi-
mal tubular epithelium or on the rates of bicarbonate and fluid
absorption. The reason for the difference in our studies and
those reported in living animals is uncertain. Our in vitro
studies evaluated the effect of acute changes in phosphate
concentrations, whereas the in vivo studies were of a more
chronic nature. It is possible that more prolonged exposure of
tubules to low phosphate concentrations might have resulted in
changes in bicarbonate or fluid transport. Such a trend was not
evident in tubules that had the longest exposure to low phos-
phate concentrations. Species differences might also explain the
differences between our results and those of previous investiga-
tors.
A number of previous studies suggest that hypercalcemia
affects proximal tubular function. Micropuncture and stop-flow
studies in dogs and rats made acutely hypercalcemic have
shown reduced reabsorption of sodium and water by proximal
convoluted tubules [22—25]. In many [22, 25, 261, but not all
[24], of these studies calcium infusions resulted in a lowering of
glomerular filtration rates. This latter effect, which appears in
some way to depend on the presence of PTH, raises questions
about whether changes in tubular transport associated with
hypercalcemia were totally attributable to specific effects on the
tubules or whether they may have resulted, at least in part, from
changes in hemodynamic factors. Proximal tubular sodium and
water absorption, however, were reduced by hypercalcemia in
one study when the GFR was lowered by aortic constriction
[24]. Therefore, acute hypercalcemia appears to exert a direct
effect on proximal tubules in vivo. Conversely, acute hypocal-
cemia produced by ethylenediaminetetraacetic acid infusion
reduced urinary sodium excretion [27]. Fewer studies have
examined the effect of acute hypercalcemia on renal bicarbon-
ate handling. Crumb Ct al [1] found that calcium infusion in dogs
increased renal bicarbonate reabsorption. In normal dogs when
the serum ultrafilterable calcium was raised from approximately
1.4 to 2.0 m, bicarbonate reabsorption increased from 22.9 to
26.9 mEq/dl glomerular filtrate or 21% [11, Because PTH
inhibits bicarbonate, sodium, and fluid absorption by proximal
tubules [6, 7, 15—19, 28, 29], it was possible that the increased
reabsorption of bicarbonate noted by Crumb et al [1] could have
resulted from lowering of circulating PTH levels by hypercalce-
mia. Enhanced bicarbonate reabsorption was noted, however,
in both normal and parathyroidectomized animals [1]. There-
fore, the effects of hypercalcemia appear to be at least partially
independent of PTH. Other studies in normal humans and
monkeys found no consistent effect of hypercalcemia on uri-
nary bicarbonate excretion [26]. In our studies of proximal
convoluted tubules, raising the ionized calcium in the perfusate
and bath from 0.9 to 2.5 m and 1.2 to 1.9 m, respectively,
was associated with a 17% increase in the rate of bicarbonate
absorption. The changes observed in our studies and those of
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Crumb et al [1] were therefore modest but statistically signifi-
cant and of approximate equal magnitude. In contrast to the
effects of high calcium concentrations in proximal convoluted
tubules, lowering the total calcium in the perfusate and bath to
0.5 m (corresponding to ionized concentrations of approxi-
mately 0.2 and 0.15 m, respectively) had no significant effect
on bicarbonate or fluid absorption. Friedman et al {30] also
found no change in the rate of fluid absorption by rabbit
proximal convoluted tubules perfused in vitro under control
conditions (symmetrical sodium concentrations in perfusate
and bath) when the ionized calcium concentrations in the bath
were varied from 0.2 to 2.0 mi. In our studies when calcium
was removed totally from the perfusate, however, there was a
small, but notable and reversible, decrease in the rates of both
bicarbonate and fluid absorption (Table 1). The mechanisms
whereby changes in calcium concentrations result in these
alterations in bicarbonate and fluid absorption remain to be
elucidated. Our results support, however, the conclusion of
previous investigators [1] that calcium exerts a direct effect on
transport of bicarbonate in proximal convoluted tubules.
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